We present a spectroscopic abundance analysis of the old, super-metal-rich open cluster NGC 6253, with emphasis on its O abundance. High-dispersion, 7774 Å O I triplet region spectra of 47 stars were obtained using Hydra II on the CTIO Blanco 4 m. Radial velocity analysis confirms 39 stars consistent with single star membership, primarily at the turnoff. Thirty-six of these are included in our abundance analysis. Our differential analysis relative to the Orbit solutions for NGC 6791 allow that it may have formed in the inner disk and was then kicked out, but the origins of the other two much younger clusters remain mysterious. We re-evaluate the age of NGC 6583 in view of the evidence that the cluster is super-metal-rich, and confirm a probable age less than 1 Gyr (best range: 500-900 Myr). We also argue that it is unlikely the cluster is more than 3 kpc away (best range: 2-3 kpc) if the apparent turnoff, main sequence, and giants are all cluster members.
INTRODUCTION
For more than two decades (e.g., Wheeler et al. 1989) , it has been suggested that oxygen, the third most abundant element in the Galaxy, may be a superior tracer for examining Galactic chemical evolution. O has the advantage of originating predominately from one well-defined source: production through He burning in the cores of high-mass stars with lifetimes <10 8 yr, which subsequently eject O into the interstellar medium through SNe II. Furthermore, because O is produced by hydrostatic burning prior to the explosion, its yield is fairly secure and depends primarily on the progenitor rather than the details of the explosion (Wheeler et al. 1989 ). The fact that, compared to the ∼10 Gyr age of the Galaxy, O responds almost instantaneously to enrichment implies that the stellar O abundance has the potential to exhibit a robust correlation with Galactic age. In contrast, the more traditional elemental chronometer, Fe, is generated not only by short-lived high mass stars (with release via SNe II), but also by SNe Ia, which result from white dwarfs left at the end of the lives of low mass stars, on timescales of~10 9 yr. Model calculations indicate that both sources have contributed roughly equally to Galactic Fe production over the lifetime of the Galaxy (Nomoto et al. 1997) . Fe enrichment of the interstellar medium therefore crudely reflects a weighted average of the star formation history on timescales of 10 9 yr and higher. Furthermore, the Fe yield of SNe Ia is produced by radioactive decay of 56 Ni during the explosion, and is thus very sensitive to the explosion details, with some scatter in yields expected (Howell et al. 2009 ). The considerations above may, in part, contribute to the inability of observational studies to discern any evidence of an age-metallicity relation for [Fe/H] among stars formed within the Galactic disk over the last 6 Gyr; see the discussions in Anthony- Twarog et al. (2010) and Maderak et al. (2013) .
Unfortunately, progress in the interpretation of O abundance results has been slow due to (1) debate over the reliability of the various oxygen abundance indicators, and (2) the lack of large, reliable samples of stellar O abundances spanning significant ranges of both age and metallicity. The former issue has been discussed extensively (see Maderak et al. 2013 , for a review). Abundance estimates for O traditionally rely upon measurements of two groups of lines, the [O I] lines at 6300 and 6363 Å or the O I near-infrared triplet at 7774 Å. The forbidden lines have generally been the preferred set because they are free of NLTE effects, with the 6300 Å line used more often than the 6363 Å line. Unfortunately, these lines are only strong in giants, where stellar evolutionary effects can modify the atmospheric abundance established by Galactic chemical evolution. While convective dredge-up on the red giant branch (RGB) is not expected to affect the surface oxygen abundance, other forms of mixing/processing have not been ruled out (Boesgaard et al. 1999; Stasinska et al. 2010) .
The solution to the problem of internal evolution is to restrict the sample to dwarfs, where the O I triplet is strong. Unfortunately, it is well-established that these lines are subject to NLTE effects (e.g., Takeda 2003; Shchukina et al. 2005) , which lead to an artificial rise in LTE abundances for  T eff 6200 K (Takeda 2003; . In addition, a rise in triplet LTE abundances for  T eff 5500 K that is not predicted by NLTE considerations has been demonstrated Shen et al. 2007; Maderak et al. 2013 ). The correct explanation for this overabundance trend has not yet been established (see, e.g., Shen et al. 2007; Maderak et al. 2013 , for a discussions), but R. M. Maderak et al. (2015, in preparation) have found evidence that it is probably due to chromospheric activity (though other factors, such as photospheric spots, have not yet been completely ruled out). Regardless, the above works have demonstrated convincingly that there is no trend with T eff in the triplet NLTE abundance corrections for solar-gravity, near-solar metallicity dwarfs in the range 6200 K   T eff 5500 K. Therefore, a purely differential analysis of solar-type dwarfs relative to the Sun can eliminate the dilemma over NLTE effects and yield the most reliable stellar O abundances possible.
With a trustworthy means of determining stellar O abundances established, further progress in understanding the chemical evolution of O is now possible. In the absence of stellar age information, the evolution of oxygen in the Galaxy can be traced using the [O/Fe] versus [Fe/H] trend, which is determined by the relative contributions of SN Ia and SN II to chemical enrichment. The slope of this trend for [Fe/H] < -1 remains a matter of debate, despite being the focus of many stellar O abundance studies over the past twenty five years (see Maderak et al. 2013 , for a review). For [Fe/H] > -1, there is consensus for a linear decrease in [O/Fe] with increasing [Fe/H] , with a slope of~-0.5 dex [O Fe] per dex [Fe H] , but unresolved questions remain for both field stars and the key objects of this investigation, open clusters (OCs).
In contrast with individual field stars, OCs have the potential to supply statistically precise estimates of chemical abundances, distance, and age for one data point in the spatial and temporal evolution of the Galactic disk. The greatest improvement is in age estimation, a challenging if not impossible task for many field stars. A tantalizing early indicator of the potential of the OC population can be found in the work of King (1993, hereafter K93) , which showed a strong [O/H] correlation with age over a 7 Gyr range in age, despite the absence of a significant trend in [Fe/H] and a range in [Fe/H] of less than 0.25 dex. However, large, uniform samples of spectroscopic abundances in OCs, particularly O abundances, covering a significant range in both age and metallicity have been lacking. The promising sample of K93 showed no convincing trend in [O/Fe] versus [Fe/H] . A trend of the expected linear form was later found by Friel et al. (2010) , who reported O abundances for giants in 11 OCs spanning a range of ∼0.4 dex in [Fe/H] . However, the Friel et al. trend is offset ∼0.15 dex below that typically seen in field star samples, as demonstrated by Figure 6 of Friel et al. (2010) , which includes the field star data of Bensby et al. (2005) . As such, the problem of clearly establishing the [O/Fe] Here we present a spectroscopic abundance analysis of the OC NGC 6253 as part of a study of OCs chosen specifically to examine the chemical evolution of galactic O by probing the OC range of parameter space in age and metallicity. NGC 6253 was initially selected because of its exceptionally high metallicity, which made it (at that time) one of only two star clusters known with iron abundances greater than twice solar. It also seemed that its age (3.3 Gyr; see Anthony-Twarog et al. 2010 , for a detailed discussion) was roughly half that of the other cluster, NGC 6791 (age ∼8 Gyr). Thus, NGC 6253 provided an exceptional combination of age and metallicity. This unusual mix is perplexing in the context of the conventional understanding of Galactic chemical enrichment, wherein older clusters should have lower metal abundances than those formed more recently, although we again note the lack of an obvious [Fe/H] versus age relationship. Discerning how such an extraordinary cluster fits into the chemical evolution of the Galaxy could supply insight into a variety of topics. Indeed, this unique cluster has recently received increased attention, including studies focused on comprehensive BVRIJHK photometry and proper motion (Montalto et al. 2009 ), photometric variability (de Marchi et al. 2010) , and a search for planetary transits (Montalto 2010) . This paper is the third installment in our series of high-resolution spectroscopic studies of dwarfs in this extraordinary supermetal-rich OC. In Anthony- Twarog et al. (2010, hereafter AT10) we presented Fe and other non-Li abundances derived from the 6708 Å Li region. In Cummings et al. (2012) we presented the Li abundances themselves. And in the present work, we have derived abundances from the 7774 Å O triplet region, and have examined the cluster in the context of the apparent O versus age and [O/Fe] versus [Fe/H] relationships in the Galaxy. This paper is organized as follows: Section 2 describes our data, reductions, radial velocities (RVs) and membership determinations; Section 3 describes our abundance analysis; Section 4 compares our results to the literature and to the super-metal-rich clusters NGC 6791 and NGC 6583, including discussion of possible options for the chemical evolution of oxygen and the origin of all three clusters; and Section 5 summarizes our conclusions.
DATA

Observations and Reductions
Spectra of the 7774 Å O I triplet region of 47 stars in the field of NGC 6253 were acquired 2007 May 24, using the Hydra II multi-object spectrograph on the CTIO 7 Blanco 4 m telescope. These spectra cover the range 7685-7950 Å, at a dispersion of 0.16 Å per pixel, and a resolution of 0.56 Å (i.e.,R 14000 at 7774 Å). In addition to the O I triplet, this region includes the 7 CTIO is operated by the Association of Universities for Research in Astronomy, under contract with the National Science Foundation.
7835 Å Al I doublet, 5 Si I lines, 9 Fe I lines, and 6 Ni I lines that were selected from the Moore et al. (1966) solar atlas and visually cross-checked using the Delbouille et al. (1989) photometric solar atlas. We required that the lines were relatively isolated at the resolution of our data, and that they subsequently yielded abundances in reasonable agreement with the other lines of their respective species. The fiber configuration was the same as that used for the 6708 Å Li region observations made during the same observing run (AT10; Cummings et al. 2012 ). The configuration consisted mostly of stars at the main sequence turnoff (MSTO), and included 44 sky fibers for background subtraction. The stars observed were chosen based on the intermediate-band photometry and intermediate-to-broadband mapping of Twarog et al. (2003) , primarily through the stars' locations in the color-magnitude diagram (CMD), as described in AT10. A total of 9 hr of integration were obtained in this configuration. All calibration spectra were taken in the same fiber configuration used for the objects. Spectra of two RV standards, HR 4540 and HR 8551, were also obtained.
Data reduction followed standard IRAF 8 techniques, as described in AT10 and Maderak et al. (2013) . The Laplacian Cosmic Ray removal routine of van Dokkum (2001) was employed. Flat-fielding and aperture tracing used well exposed dome flats, as opposed to the available quartz flats, to maintain consistency with the methods employed in our other works. No ThAr comparison spectra were available due to a contaminated ThAr lamp. The solar sky spectrum was used for the initial wavelength solution, which was then propagated to the etalon comparison spectra taken throughout the night. The etalon spectra were used to apply wavelength solutions to the object spectra. The solar sky spectrum was again used to evaluate the relative efficiencies of the fibers, to facilitate an accurate sky subtraction. Nine 1 hr cluster exposures were co-added to create the master object spectra, which were then continuumfitted using a low-order polynomial spline; these spectra were subsequently used for direct EW measurements. Examples of our continuum-fitted, co-added master spectra of the Sun and a selection of NGC 6253 stars are shown in Figure 1 . The signalto-noise ratio (S/N) per pixel of our processed (and co-added) object spectra, as measured near the oxygen triplet, are given in Table 1 ; the median S/N of our spectra is ∼80. All apertures of a single solar sky exposure were co-added to create a master solar spectrum, with > S N 900 per pixel (near the oxygen triplet), which was then used in deriving solar log gf values. EWs were measured using the IRAF routine splot.
Radial Velocities
RVs for the cluster objects and RV standards were determined directly from l l l D = -obs lab , using as many as 36 spectral lines per star (laboratory wavelengths were taken from the Kurucz Atomic Line Database 9 ; Kurucz & Bell 1995) , and a heliocentric correction was applied using the IRAF routine dopcor. The solar sky spectrum provided an initial wavelength solution, and the RV standards were then used to correct the object spectra onto an absolute scale, as will now be described. We found 7.57 ± 0.24 and 56.61 ± 0.34 km s −1 for HR 4540 and HR 8551, respectively, where the errors are the standard deviation of the mean. Recent CORAVEL studies report 4.1 ± 0.3 km s −1 for HR 4540 (Nordstrom et al. 2004 ) and 54.16 ± 0.01 km s −1 for HR 8551 (Famaey et al. 2005 ) and 53.8 km s −1 for HR 8551 , with no errors reported. These values yielded a mean offset of 2.99 km s −1 for our RVs, with the deviation of ±0.18 km s −1 being within our errors, but without an indication of the internal consistency of their values. While the two offsets were nearly identical, our concern was the characterization of the error. Thus, we adopted 2.98 ± 0.35 km s −1 (where the error is simply the average of the deviations) as the correction used to place our object RVs onto an absolute scale.
We have used the ordinal number from the photometric catalog of Twarog et al. (2003) as the ID system for NGC 6253. In Table 1 we have also listed the IDs adopted by the WEBDA 10 database, which was the source of the ID system used in AT10. The WEBDA ID system for NGC 6253 is itself an extension of that from Bragaglia et al. (1997) . Table 1 lists our absolute-scale RVs, along with their measurement statistics, and the proper-motion membership probabilities (P μ ( )) of Montalto et al. (2009) for the stars common to both studies. Note that an additional systematic error of 0.35 km s −1 applies to our RVs, as discussed above. A histogram of our RV data is presented in Figure 2 . The central envelope of the distribution includes 39 stars, but one of these, 951, has < P μ ( ) 50%, and we have designated it as a possible nonmember. The remaining 38 have a mean RV of −29.60 km s −1 , with a standard deviation (σ) of 1.91 km s −1 , and a standard error of the mean (s μ ) of 0.31 km s −1 . No additional stars are within the s 3 limits. Our RV membership assignments are given in Table 1 . The average is in strikingly good agreement with our value of −29.41 ± 0.16 km s −1 (s μ ) from AT10. Our final membership assignments, subject to the condition > P μ ( ) 50%, are given in Table 1 , and are ultimately identical to those found in AT10. Stars designated as cluster member RV variables in AT10, based on multi-epoch RV data, are so noted in Table 1 . These results, and their striking consistency with those of AT10, can be taken as an independent determination, since the present results were derived from a separate wavelength region using a different method of analysis.
We can also compare our cluster average to those from two recent studies of giants in NGC 6253. Carretta et al. (2007, hereafter C07 ) studied 5 giants, and the RV results for these stars yield an average of −28.26 ± 0.6 km s −1 (as calculated by AT10) when one star with an outlying value of −20.6 km s −1 is excluded. Sestito et al. (2007, hereafter S07) studied 7 giants, which show significant scatter in RV. The four stars with the most similar RVs give an average of −29.71 ± 0.79 km s −1 (as calculated by AT10). While the value of C07 differs by s1.5 (where the errors from each value have been combined in quadrature) from our present value, the S07 value is in excellent agreement with ours, and all three results are in fact consistent within the s 2 limits.
ABUNDANCE ANALYSIS
Methods
Our abundance analysis included 36 of the 38 stars consistent with single-star membership: 30 MS turnoff stars, 5 subgiants, and one blue straggler. The other two members (251, 1204) were omitted because the S/N of their spectra were too low for confident measurements of EWs. We have employed MOOG (Sneden 1973 (Sneden , 2013 with the driver abfind to calculate LTE abundances from our measured EWs. We used Kurucz (1979) model atmospheres with the atmospheric parameters determined in AT10. Solar log gf values were derived by requiring our measured solar EWs to yield abundances which matched an adopted set of solar abundances taken from Asplund et al. (2005) . For oxygen, we adopt the "traditional," higher value = A O ( ) 8.93, noting that we have done so irrespective of the solar oxygen abundance debate, because the precise value adopted is unimportant in a differential analysis. Our adopted solar abundances are given in Table 2 . Table 2 shows our line list and includes our measured solar EW (typical measurement errors are <1 mÅ), and our derived log gf values. The excitation potentials (EP) for each line are also given. The errors in our EW measurements were calculated using the Deliyannis et al. (1993) implementation of the ideas presented in Cayrel (1988) , which takes into account the spectral dispersion, the FWHM of the line, and the measured S N local to the line. For our cluster stars, lines with s  EW 3 EW were not considered sufficiently reliable and have not been reported, and lines with obvious irregularities have similarly not been reported. Our EW data are given in Table 3 for O I, Al I, and Si I, and in Table 4 for Fe I, Fe II, and Ni I. Table 5 presents our average elemental abundances ([X/H]) for each star, along with atmospheric parameters. The abundance averages and errors were calculated in linear space, then transformed to logarithmic space, and the reported errors in the logarithmic values correspond to the linear-space s μ values.
Cluster Averages
Our average cluster abundances (discussed below) were computed using all individual line measurements of a given species from all stars, weighted linearly by the inverse of the abundance error for each line. Our averaging and statistical error computation procedures are discussed in detail in Maderak et al. (2013) . We stress that our averages were taken in linear space and that an average of logarithmic abundances is systematically lower, although the two do converge when the scatter is small.
As discussed in the Introduction, careful consideration of NLTE effects is needed to identify the regime in which the O triplet yields reliable abundances, i.e., abundances that are suitable for inclusion in the cluster average. For the present case, it was necessary to consider whether it is appropriate to use a differential analysis for triplet abundances in stars of nonsolar gravity. Figure 1 of Takeda (2003) demonstrates an increasing NLTE effect for lower gravities, and it suggests, for the gravity range of our turnoff sample, a potential positive systematic error ∼0.05 dex in our differential values, which is small. The figure does indicate that, for these gravities, the NLTE correction is roughly constant between 5500 K and 6000 K, as is the case for near-solar gravities. The top panel of Figure 3 shows the average [O/H] versus T eff for each star, where the error bars represent s μ . A linear least-squares fit to the [O/H] versus T eff data for the turnoff stars between 5700 and 6100 K yields a slope that is consistent with zero. As discussed in the Introduction, for solar-gravity dwarfs we would expect increasing LTE abundances for  T 6200 eff K due to non-LTE effects. The one and only star in this T eff range, 219, is a blue straggler at 6421 K with gravity very similar to the turnoff stars, and triplet EWs ∼150 mÅ. For this case, Figure 1 of Takeda (2003) predicts an NLTE increase of ∼0.15 dex above the turnoff stars, and [O/H] for this star is almost exactly 0.15 dex above the turnoff average. While this value is within the scatter of the turnoff abundances, it is also consistent with the expected NLTE effects.
As also discussed in the Introduction, solar-gravity dwarfs have been found to exhibit increasing abundances for  T 5500 eff K, possibly due to chromospheric and spot effects (see the discussion and references in Maderak et al. 2013) . In the present case, the stars in this T eff range are subgiants, and with temperature-gravity combinations such that Figure 1 of Takeda (2003) predicts a negligible NLTE offset relative to the turnoff stars. Thus, we should see any overabundances due to atmospheric or other effects. The lack of any obvious overabundance trend in Figure 3 for < T 5600 eff K therefore indicates either: (1) that our sample does not go cool enough to reveal such a trend; or (2) that whatever phenomenon causes the perceived increase in cool dwarfs (e.g., chromospheric activity) simply does not occur in these subgiants.
We have used Takeda (2003) as a specific reference for the behavior of the NLTE corrections. However, it should be noted that while Figure 4 of Takeda (2003) shows that the general behavior of the NLTE corrections from several authors is similar, the particular values do not completely agree. Thus, while the calculations are useful in gauging the relative error of working with stars of non-solar gravity and temperature (as nicely demonstrated for the specific case of 219, discussed above), a differential analysis with respect to the Sun is expected to be more reliable than applying the NLTE corrections calculated by any particular study. The purpose of the above considerations, in addition to establishing the validity of our analysis for the turnoff stars in our sample, is to identify the maximum sample suitable for inclusion in our cluster average. While including the subgiants below 5600 K does not affect the average, it is not yet understood whether or not the phenomenon causing the overabundance trend observed for dwarfs in the same T eff range affects subgiants as well. Given this uncertainty, and in order to establish as much consistency as possible with our other works, we have omitted the subgiants from the [O/H] cluster average. Including only the turnoff stars, we report our average in Table 6 (where the errors are s μ ).
The analyses of Fe, Al, Si, and Ni are presumed to be free from significant complications, such as those considered above for O. The average [Fe/H] versus T eff for each star is plotted in the bottom panel of Figure 3 , and analogous plots for Al, Si, and Ni are presented in Figure 4 . We have included all stars in the cluster averages for these four species and report the results for all species in note that logarithmic errors are simply percentage errors, and so it is mathematically valid to add them directly). We have also included in Table 6 the average of the logarithmic abundances, to allow direct comparison with studies which calculate average abundances in that way. As expected, these are always lower, mostly by 0.03-0.05 dex, though the full range is 0.025-0.091 dex. ) values of the stars in our sample, the most tractable cause of which would be the error in cluster reddening. Such a systematic error in -B V ( ) would translate into a shift in our T eff scale. Furthermore, because our procedure for determining g log and v t is dependent on T eff (see AT10 and Maderak et al. 2013, for details) , an error in T eff leads to errors in those parameters as well. We have evaluated the systematic error due to these dependent errors in atmospheric parameters by adding 0.04, the uncertainty in the cluster reddening (AT10), to the -B V ( ) of all stars, then re-deriving our cluster averages according to the procedure previously described. The resulting error is presented in Table 6 . To demonstrate the sensitivity of our abundances to possible independent errors in the atmospheric parameters used, we have evaluated the effects of changing T eff , g log , and v t by +100 K, +0.3 dex, and −0.3 km s −1 , respectively. Each parameter was changed separately for all stars and the modified cluster averages re-derived. . This difference is difficult to explain, but not excessive in the context of study-to-study differences (see below). It is also possible that there may be issues with using one or more of the Ni I lines in the 7774 Å region to determine Ni abundances.
S07 performed an EW analysis of 5 subgiants and giants in NGC 6253, done differentially with respect to the Sun, and thus similar to our present analysis in that respect. Table 1 . quadrature, as will be done for each such comparison hereafter); however, their value is in excellent agreement with the value from AT10. It should be noted that there are significant differences between the S07 analysis and ours, which complicate a direct comparison (see the discussion in AT10). These include the stellar types used (giants versus the turnoff stars used here), and their methods of determining atmospheric parameters. For example, if the giants in AT10 are compared to the same giants in S07 ∼0.15 dex (see AT10 for a detailed discussion). For O, C07 use the forbidden 6300 Å line with careful consideration of the Ni I blend. However, if one compares their value with the average of our logarithmic abundances and allows for a possible systematic error of 0.05 dex in our value (see the discussion in Section 3.2) the difference is 0.1 dex, s1.5 in [O/H] (theirs being lower than ours). On the other hand, the difference would be worsened if they used a higher [Ni/Fe] such as our present value (which is 0.3 dex higher than theirs), thereby lowering their derived
Could the lower O abundance reported by C07 be evidence of evolutionary effects in these NGC 6253 giants? To address this possibility, we have examined a sequence of stellar evolutionary models for a
star of the appropriate metallicity, generated by the Clemson-Beirut stellar evolution code . These models were evolved up to the beginning of core He burning, using "standard" assumptions (see the Introduction). The surface abundance of 16 O is completely unchanged by the evolution of the model. Thus, these standard models do not account for the dwarf-giant discrepancy seen here; to our knowledge, there are no stellar evolution models that do predict changes in surface O abundance on the RGB. However, as noted in the Introduction, non-standard mechanisms have not been ruled out. Whatever 
44.6 159.0 the true source of the discrepancy with C07, we stress our larger sample statistics and reiterate that unevolved stars are in principle more reliable, though it is quite possible that the oxygen abundances of the C07 giants have not been affected by any evolutionary effects. In summary, the full range of [Fe/H] values from the four high-resolution studies of NGC 6253 is only +0.39 to +0.46. Of these, the two studies of giants give +0.39 ± 0.08, +0.46 ± 0.03, and the two studies of dwarfs (from AT10 and the present study) give +0.43 ± 0.01 and +0.445 ± 0.014. The remarkable similarity between these results is both striking and nearly unique. Only studies of the Hyades have yielded results as remarkably consistent as these, and the full range of high-quality metallicities for the Hyades is actually greater (Maderak et al. 2013 , C. P. Deliyannis et al. 2015, in preparation) . The cluster's oxygen abundance is roughly scaled-solar, though C07ʼs slightly sub-scaled-solar [O/Fe] value is consistent with those of the disk dwarfs and giants compiled in C07 (see their Figure 6 ). The cluster's Si and Al abundances are also roughly scaledsolar, and are consistent with those of the dwarfs and giants compiled in C07. Our super-scaled-solar Ni abundance is discrepant with those of previous studies, including AT10, which show scaled-solar values. But interestingly, the dwarfs and giants compiled in C07 show some evidence of trending toward super-scaled-solar values with increasing metallicity, though not to quite as high as our present value. We note, however, that comparisons to the compiled field star data in C07 are subject to the caveat that relatively few of those stars have
Both the C07 and S07 studies also derived abundances of several other elements, though not the same set, including light elements, α-elements, the s-process element Ba, and the r-process element Eu. The majority of the elemental abundances reported by C07 and S07 are scaled-solar. However, C07 report a cluster average of [Na/Fe] = +0.21 ± 0.02, while the average [Na/Fe] value of the five stars analyzed by S07 is +0.20 ± 0.04, based on a LTE analysis, and +0.07 ± 0.04, based on a NLTE analysis (where the errors on the S07 values are s μ ). Also, though C07 reports a cluster average of The consistency between our present Al abundance for turnoff stars and the C07 Al abundance for NGC 6253 giants stands in contrast with a reported Al enhancement in Hyades giants over Hyades dwarfs (Schuler et al. 2009 ), a result which may reflect an apparently general trend of Al enhancement in OC giants (Jacobson et al. 2007 ). However, standard stellar evolution models for the Hyades predict no change in Al for giants versus dwarfs (Schuler et al. 2009 )note that they used the Clemson-Beirut code, from which we have cited results above for the case of O). Both Jacobson et al. (2007) and Schuler et al. (2009) attribute at least part of the discrepancy to NLTE effects, which have not been calculated for Al in giants of super-solar metallicity. The possibility of NLTE effects seems at first a reasonable solution to the problem, until one considers that we have used the Al doublet at 7835 and 7836 Å while C07 used the Al doublet at 6696 and 6698 Å but Jacobson et al. (2007) also used the 6696/98 Å doublet, and Schuler et al. (2009) used both doublets, which in that case gave consistent results for both dwarfs and the giants. This inconsistent behavior of the two doublets worsens the conundrum. A direct comparison is of course further complicated by the fact that if the problem is not wellunderstood for Hyades metallicity, then it may be even lesswell understood for the super-metal-rich regime of NGC 6253. At present we can only reiterate the need, as noted by Schuler et al. (2009) , for the appropriate NLTE calculations, which may shed light on this convoluted situation.
Elemental Abundance Comparisons Between NGC 6253, NGC 6791, NGC 6583, Disk Stars, and Bulge Stars
Three super-metal-rich OCs are known: NGC 6253, NGC 6791, and NGC 6583. These clusters span a large range of ages, from ∼1 Gyr (NGC 6583) to ∼3 Gyr (NGC 6253) to ∼8 Gyr (NGC 6791). Whereas NGC 6791ʼs super-metalrichness has been known for well over a decade (see Peterson & Green 1998 , for the first high-resolution spectroscopic study), and NGC 6253ʼs has been suspected for well over a decade (Bragaglia et al. 1997 , from photometry), NGC 6583 has joined this distinctive group only recently, based on the high-resolution spectroscopic study of two of its giants (Magrini et al. 2010) . See also the discussion in AT10 about spectroscopic and photometric evidence for the super-high metallicity of the first two clusters. Some bulge stars reach iron abundances as high as these three clusters (e.g., F07), but such high iron in local disk stars is rather rare. In trying to ascertain the origin of these remarkable clusters, it might be helpful to determine the degree to which the abundance patterns of the three clusters are similar, and/or to identify possible differences. Table 7 summarizes the abundance ratios of Fe, O, Si, Ni, and Al reported by a number of studies for these three clusters; the number and type of stars used in each study is also included. We have also included representative abundance ranges for the disk and for the bulge for [Fe/H] > 0, based on the C07 compilation and the results of F07, respectively. We have plotted the O, Al, Si, and Ni abundance data from Table 7 in Figure 5 . For NGC 6791, all of the studies listed, except one, used high-resolution spectroscopic data of a variety of objects, including a blue horizontal branch star, red clump stars, red giants, and turnoff stars. The consensus is that [Fe/H] is approximately +0.35, with the full range of published values in Table 7 going from +0.30 to +0.47. Although this is a larger range than that for NGC 6253, it is clear that NGC 6791ʼs Fe abundance is robustly high and is similar to that of NGC 6253, if perhaps just slightly lower. The single study of two cluster giants in NGC 6583 provides [Fe/H] = 0.37 ± 0.03 (Magrini et al. 2010) for the cluster, which is consistent with the range defined by NGC 6253 and NGC 6791. Note that Anthony- Twarog et al. (2007) found evidence (from intermediate-band photometry) that NGC 6253 might be of order 0.1 dex more metal-rich than NGC 6791, giving rise to the possible distinction that NGC 6253 is the most metal-rich star cluster known.
Six out of the seven reported [O/Fe] abundances for NGC 6791 fall within ±0.1 dex of scaled-solar (see Table 7 Table 7 . This raises the question of whether additional mixing could have occurred in the stars in C07ʼs sample, thus lowering their surface O abundances; this possibility remains speculative, however, due to the lack of stellar evolution models that include the effects of non-standard mixing mechanisms (as discussed above Carraro et al. 2006; Origlia et al. 2006; Boesgaard et al. 2014) , as is the one reported value for NGC 6583 (Magrini et al. 2010) , though the other two studies of NGC 6791 (Boesgaard et al. 2009; Peterson & Green 1998) hint at a very slight super-scaled-solar abundance; the disk dwarfs and giants in C07 are consistent with such a slight overabundance. The three previous studies of [Si/Fe] in NGC 6253 (AT10; C07; S07) and also the one study for NGC 6583 (Magrini et al. 2010) all find values consistent with scaledsolar, though our own result for NGC 6253 hints at a slightly higher [Si/Fe] . Thus, all three clusters have scaled-solar [Si/Fe] or perhaps just slightly higher. Most reported values of [Al/Fe] are near scaled-solar for all three clusters. The present result for NGC 6253 is marginally super-scaled-solar, while that of C07 is consistent with scaledsolar given the errors. The one reported value for NGC 6538 of +0.11 ± 0.02 is marginally super-scaled-solar and is technically a s 5 result. One of the four values for NGC 6791, −0.21 ± 0.09 from C07, is only marginally (barely s 2 ) sub-scaled-solar. In comparison, the disk dwarfs and giants in the C07 compilation are consistent with a slightly super-scaled-solar abundance.
Overall, the evidence to date suggests that the apparent elemental abundance patterns of all three clusters, are similar to each other, are similar to (i.e., extrapolations of) patterns seen in disk dwarfs and giants, and are close to scaled-solar. Furthermore, the apparent slight differences from scaled-solar are consistent with patterns seen in disk dwarfs and giants. In contrast, comparison of the abundances of NGC 6253, 6583, and 6791 to those of the F07 bulge stars with [Fe/H] > 0 (which are few) reveals more differences than similarities: in [O/Fe], the reported values for NGC 6253 and 6791 range from −0.31 to +0.08, with all but two within ±0.1 dex of scaledsolar, whereas the F07 stars are between −0.1 and +0.25, and thus are significantly higher, though with some overlap; in [Na Fe], the reported values for NGC 6253 and 6791 (C07; S07; see the averages we have calculated above using the S07 values) range from +0.07 to +0.21, while the F07 stars are between +0.2 and +0.35, with which the clusters would be consistent, though at the low end, if the NLTE value of +0.07 were dropped; in [Mg/Fe], the reported values for the three clusters range from −0.05 to +0.30 (C07; S07; Magrini et al. 2010 , see the averages we have calculated above using the S07 values) and the F07 stars are between +0.15 and +0.40, which is reasonably consistent with, though somewhat higher than, the clusters; in [Al/Fe], the three clusters range from −0.21 to +0.11 (see Table 5 ), whereas the F07 stars are all substantially higher, with values between +0.30 and +0.55; in [Si/Fe], the three clusters range from −0.01 to +0.20 (see Table 5 ), whereas the F07 stars are somewhat higher and with only marginal overlap, with values between +0.15 and +0.35; and in both [Ca/Fe] and [Ti/Fe], the three clusters have values between −0.20 and approximately solar (C07; S07; Magrini et al. 2010) , while the F07 stars have values between −0.1 and +0.25, but the overlap in each depends on just one of the F07 stars, and thus the bulge stars are again significantly higher. In short, of all seven species, only the abundances of Na and Mg can be interpreted as being modestly consistent between the clusters and the bulge stars, while the bulge stars have (at least) significantly higher abundances in the other five species.
NGC 6253 and NGC 6791 in the Context of the Chemical Evolution of Oxygen
Based upon the spectroscopic abundances detailed above, there is little question that NGC 6253 is 2.5 to 3 times more metal-rich that the Sun, not just in Fe but, within the uncertainties, across the board for all elements measured. Since the [Fe/H] abundance distribution for OCs younger than 7 Gyr within 1.5 kpc of the Sun produces an average [Fe/H] equal to solar with a dispersion of only 0.10 dex (Twarog et al. 1997) and no trend with age, NGC 6253 is more than three sigma away from the mean for any age. Furthermore, this is true even if the comparison is expanded beyond the solar neighborhood, as demonstrated by Figure 7 of Friel et al. (2010) , which shows [Fe/H] versus age based on OC data (both from their own study and others in the literature; see references Table 6 Cluster Averages therein) which thoroughly sample R G = 7-14 kpc (with a few at even larger R G ). The data included in Figure 7 of Friel et al. In the upper panel of Figure 6 , we compare our NGC 6253 oxygen results to the OC sample of K93 in the age domain. Our results for the Hyades and NGC 752 (Maderak et al. 2013) indicate that our abundance scale is consistent with that of K93, differing by −0.016 ± 0.069 on average. Given the [O/H] versus age relationship found by K93, we see that NGC 6253 is extraordinarily oxygen-rich for its age. Furthermore, we note that this would still be true even for the substantially lower [O H] reported by C07. The upper panel of Figure 6 also shows additional OC dwarf triplet abundances from the literature, which are surprisingly few and consist almost entirely of clusters of Hyades age or younger (Schuler et al. 2004; Ford et al. 2005; King & Schuler 2005; Shen et al. 2007; Maderak et al. 2013 ). These additional clusters imply significant scatter in the oxygen abundances of young clusters, but nonetheless are consistent with the K93 relationship. In the lower panel of Figure 6 , we add OC giant O abundances from Friel et al. (2010) and from the Bologna OC Chemical Evolution group (Gratton & Contarini 1994; Carretta et al. 2005; C07) , which nicely sample the OC age range from 1-10 Gyr; the lower panel also includes all reported literature values to date for NGC 6791 (discussed above and again below). Based primarily on the Friel et al. (2010) sample, it appears that the scatter for old clusters is substantial, with an Table 7 for O, Al, Si, and Ni; see Table 7 for references. Table 7 for details), along with disk dwarf abundance results from Ramirez et al. (2013, hereafter R13) , and have also included the bulge giant abundance results from F07. R13ʼs O abundances were derived from an NLTE analysis of the triplet in field dwarfs and giants within 200 pc of the Sun. They also derived thin disk, thick disk, and halo kinematic membership probabilities for each star. For our Figure 7 , we have made selection cuts similar to those that R13 made for their Figure A1 : thin disk and thick disk stars are selected to have respective membership probabilities of 50% or greater, giants are excluded by selecting only stars with > g log 4, and stars with < T 5500 eff K are excluded due to the triplet overabundance trend (see our discussion above). We note that R13 excluded only stars with < T 5000 eff K. Furthermore, we have plotted Fe abundances derived from Fe II lines only, which reduces the scatter in the resulting trend, as R13 noted. In the case of the F07 results, we have plotted the average of their Fe I and Fe II abundances for each star. Table 7 for references.
continuation of the linear trend) of the behavior of the observed relationship, given the scatter exhibited by the R13 thin and thick disk dwarf abundances (and also, for example, by the C07 compilation). Any further flattening of the predicted trend would marginally support the interpretation that the observed abundances exhibit flattening substantial enough to allow a solar [O/Fe] at the metallicity of NGC 6253. Unfortunately, the Kobayashi et al. (2006) results do not allow resolution of this question.
The tantalizing ambiguity that has arisen from the available abundance data and chemical evolution models begs the question of whether a further flattening of the trend is plausible. A flattening of the [O/Fe] versus [Fe/H] relationship implies an increasing O yield and/or decreasing Fe yield from supernovae with increasing metallicity. Regarding O, the production of which is dominated by SNe II, the theoretical Type II yields produced by Woosley & Weaver (1995) indicate that the O yield increases by 15% from [Fe/H] = −1 to solar. In the case of Fe, SNe Ia and SNe II are estimated to contribute 50% each to Galactic Fe production, as noted in the Introduction. For SNe II, the Woosley & Weaver (1995) yields indicate that the Fe yield increases by a factor of 5.7 from [Fe/H] = −1 to solar. While it might be reasonable to assume that the Type II O and Fe yields continue to increase with metallicity for [Fe/H] > 0, further speculation is unfounded due to the lack of Type II yields for super-solar metallicity.
In the case of Type Ia production of Fe, theoretical predictions for the change in yield for super-solar metallicity do exist. The principal source of the Fe produced by SNe Ia is the radioactive decay of 56 Ni, which is synthesized during the explosion, to 56 Fe (Kuchner et al. 1994 ). Timmes et al. (2003) argue from statistical nuclear equilibrium that the 56 Ni yield of SNe Ia should decrease with increasing metallicity, due to the preferential synthesis of stable species/isotopes, principally 58 Ni and 54 Fe, in a neutron-rich explosion rather than the unstable 56 Ni. This effect would decrease the 56 Fe yield bỹ 25% at a metallicity 3 times solar, compared to the yield at solar metallicity. Timmes et al. (2003) demonstrated that such an effect is independent of the detailed physics of the explosion. Bravo et al. (2010) also examined the dependence of ejected 56 Ni mass on metallicity. They argue that the material processed during the explosion does not burn fully to statistical nuclear equilibrium, and also that metallicity is only an intermediary parameter rather than the true cause of the correlation between ejected 56 Ni mass and metallicity. Nonetheless, they actually found a steeper decrease in ejected 56 Ni mass with metallicity, resulting in a~40% decrease (in 56 Ni mass) at a metallicity 3 times solar (compared to the yield at solar metallicity). The yield of 56 Fe would therefore also be decreased by this amount. Howell et al. (2009) investigated the metallicity dependence of the ejected 56 Ni mass by measuring the bolometric luminosity of SNe Ia in external galaxies, an approach possible because the decay of 56 Ni to 56 Fe is the source of Type Ia luminosity. They assumed that the gradient-corrected metallicity of the host could be used as a proxy for the metallicity of the progenitor. They found that Ni mass does indeed decrease with metallicity, although the theoretical argument of Timmes et al. (2003) could account for only a small portion of the scatter. However, Timmes et al. (2003) have noted that the proposed metallicity effect would only dominate at "several times" solar metallicity. Thus, the Howell et al. (2009) sample, which the authors acknowledge does not include data for significantly super-solar metallicities, is not likely to reveal the predicted metallicity effect.
Quantitative investigation of the metallicity dependence of the Fe yield from SNe Ia is not yet possible due to the lack of chemical evolution models which include the super-solar metallicity regime. However, we may note from Figure 1 of Timmes et al. (2003) that the predicted metallicity effect becomes significant only near solar metallicity (and becomes more substantial at higher metallicities), while the apparent flattening of [O/Fe] in the R13 data and the C07 compilation also occurs near solar metalicity. Furthermore, we would expect to see a similar positive change in slope in analogous [X/Fe] relationships, as is exhibited in Figure 6 of C07, and exemplified in particular by the [Na/Fe] data seen there. In short, it seems that the predicted metallicity effect could be a plausible basis for flattening in the [O/Fe] versus [Fe/H] relationship at super-solar metallicity. However, the 50% contribution to galactic Fe by SNe II must be kept in mind, and the lack of knowledge of Type II yields for super-solar metallicities makes it impossible to predict whether the Type Ia metallicity effect would actually be able to significantly alter the [O/Fe] versus [Fe/H] relationship. Given the growing body of cluster abundances that probe the super-solar metallicity regime, appropriate supernova and chemical evolution models are urgently needed if we are to understand both the enrichment history that might give rise to such super-solar metallicity objects and how those objects fit into the chemical evolution of the galaxy as a whole. Of particular relevance to the present case is knowledge of how metal-rich the supernova progenitor population must be to explain the abundance patterns of such clusters as NGC 6253 and NGC 6791.
There are additional intriguing issues to consider. A possible explanation for the high metallicities and abundance patterns of clusters such as NGC 6253 and NGC 6791 is that they originated in the more metal-rich environments closer to the galactic bulge. This possibility will be discussed in detail in the following subsections. If that is the case, then these clusters cannot be understood merely as an extension to higher metallicity of the [O/Fe] versus [Fe/H] relationship exhibited by the stars of the Galactic disk. Instead, the extension of the trend (whatever its exact form) and the super-metal-rich clusters would both independently reflect supernova enrichment in high metallicity environments; i.e., the observed [O/Fe] versus [Fe/H] relationship would be characteristic of chemical evolution in the high metallicity regime. The alternative, for example, is to attempt to explain the [O/Fe] values of both NGC 6253 and NGC 6791, if truly consistent, by invoking fine-tuned contributions from both SNe II and SNe Ia in a localized environment. But this would require a doublecoincidence, namely having completely disparate progenitor populations (with different enrichment timescales) present in two different localized environments, and at two substantially different times in Galactic history. The "convergent evolution" argument we have proposed above is not only much more plausible, but furthermore alleviates the otherwise perplexing question of how two clusters that differ in age by 5 Gyr can have similar (if not completely consistent) [O/Fe] values; i.e., the environment in which a cluster formed, rather than its age, is the dominant factor in determining its abundances. There is an intriguing corollary to this argument: if the [O/Fe] ratios of NGC 6253 and NGC 6791 are truly approximately solar and also indicative of supernova enrichment in a high-metallicity environment, then [O/Fe] values substantially below scaled solar, e.g., C07ʼs value for NGC 6791, would imply a unique origin in an idiosyncratic, localized environment.
On the Origin of the Super-metal-rich Star Clusters
The ultra-high metallicity of NGC 6791 is no longer a singular oddity. Our Galaxy seems to have produced at least three such OCs, and given that the number of OCs within the Galactrocentric radius (  R = 8.5 kpc) that have confident metallicity determinations remains small (e.g., Magrini et al. 2010) , one can expect that discoveries of additional super-metal-rich clusters are forthcoming. The already interesting questions of how, where, and when these clusters originated therefore become crucial to our understanding of the evolution of the Galaxy itself.
Regarding "when," the age of NGC 6791 is now confidently known to be near 8 Gyr (see the detailed discussion in AT10). So, the Milky Way was somehow able to produce a super-highmetallicity cluster at an early stage in the development of the disk. In AT10, we determined the age of NGC 6253 to be about 3 Gyr, consistent with Bragaglia et al. (1997) , Bragaglia & Tosi (2006) , Twarog et al. (2003) and even Piatti et al. (1998) , whose somewhat higher age had a large error bar. Carraro et al. (2005) find that NGC 6583 is only about 1 Gyr old. The Milky Way seems to have been able to produce clusters of super-highmetallicity at a variety of ages, including at relatively recent times.
The origin of these three clusters becomes enigmatic when one considers the clusters' Galactic positions. Figure 8(a) shows the locations of NGC 6253 (blue), NGC 6583 (green), and NGC 6791 (red) against the four-arm Galactic model of Steiman-Cameron et al. (2010; see also SteimanCameron 2010). The gray shading represents the vertically integrated [C II] 158 μm volume emissivity required to fit COBE observations of that line. The same spiral geometry is found using [N II] 205 μm emission data. These two lines are very important coolants of the interstellar medium. Their emissions are strongly concentrated in the spiral arms, and they offer perhaps the strongest arm/inter-arm contrast of any spiral tracer. The central bar in Figure 8 represents the maximum radial extent of the Galactic bar that is consistent with COBE data. The orange circles indicate R G = 3, 5, and 8 kpc. Figures 8(b)-(d) show the past few orbits of NGC 6791, based on Figure 3 of Bedin et al. (2006) and Figure 2 of Jilkova et al. (2012) ; these two orbit determinations are discussed below. The orbits plotted in Figure 8 show that NGC 6791 is now on its way to the inner disk. Whereas chemical evolution models can produce super-high-metallicity in the inner disk ( < R G 4-5 kpc) and some models can do so even at least as early as 6 Gyr ago (e.g., Magrini et al. 2009 for < R G 3-4 kpc), all three clusters lie at substantially greater Galactocentric distances than these: 8.1, 6.8, and 6.5 kpc for NGC 6791, NGC 6253, and NGC 6583, respectively; their distances from the Sun are 4.0 ± 0.6 kpc, 1.735 ± 0.12 kpc, and 2.1 kpc (the stated errors are represented by the lines attached to the cluster points in Figure 8 ; note that the blue line is is smaller than the blue point, and the red line is just barely larger than the red point). For NGC 6583, the distance could be as high as ∼3 kpc (see the Appendix). Producing such high metallicities at such large R G is extremely challenging, and is compounded by the age difference between NGC 6791 and the two substantially younger clusters, NGC 6253 and NGC 6583. Perhaps even worse, all young (<1 Gyr) OCs with reliable metallicities within 1 kpc of the Sun (R G = 8-9) have metallicities much closer to solar (e.g., Boesgaard 1989; Twarog et al. 1997) , and in no case larger than that of the Hyades ([Fe/H] = +0.15), yet the iron abundance in chemical evolution models such as those of Magrini et al. (2009) continues to increase for R G = 4-9 kpc as the Galaxy ages.
In the case of NGC 6791, a plausible solution to the metallicity-versus-galactocentric distance conundrum has emerged from the proper motion study of Bedin et al. (2006, hereafter B06) , which is based on data from the Hubble Space Telescope. Both B06 and Jilkova et al. (2012, hereafter J12) have determined orbits for the cluster, in each case by integrating the orbit in a model Galactic potential for 1 Gyr into the past. Note that additional orbit calculations for NGC 6791 were done by C06 and Wu et al. (2009) . Both B06 and J12 use the same cluster proper motion and RV, but differ slightly in their assumptions about the Galactocentric distance R G for the Sun and about the motion (q  ) of the Local Standard of Rest. B06 used a time-independent axisymmetric Galactic potential, and found an orbit with a perigalacticon of about 3 kpc, an apogalacticon of about 10 kpc, and an eccentricity of about 0.5 (Figure 8(b) ); B06 noted that these characteristics are not very sensitive to the uncertainties in the cluster distance. Figure 8(c) shows the orbit that J12 found using an axisymmetric potential. Their orbit is substantially less elongated orbit than that of B06, with a perigalacticon near 5 kpc, an apogalacticon of 9 kpc, and eccentricity of 0.3; the errors in the observed distance and kinematic values cause variations of only a few percent in these orbital parameters. J12 also calculated orbits for a more realistic, time-dependent potential which incorporated both a bar and spiral arms (example in Figure 8(d) ). The size and orientation of the bar used in this model potential were similar to the those found by Steiman-Cameron et al. (2010) and depicted in our Figure 8 . J12 integrated their time-dependent potential for 1000 sets of initial conditions, which were generated by assuming that the errors in the observed proper-motion values reflect normal distributions. This last model (and the B06 model) have perigalacticon values that fall within the range in which chemical evolution models can produce super-high-metallicity at an earlier Galactic age than that of NGC 6791 ( < R G 3-4 kpc). J12 suggest that the cluster could have formed in the central regions of the disk and then migrated outward. Note that the possible radial migration of the cluster is supported by the orbit depicted in Figure 8(d) , which reflects a time-dependent potential, but not by the orbits depicted in Figures 8(b) and (c) , which reflect time-independent potentials.
The question then is how NGC 6791 got onto its present orbit. One possibility is that the central Galactic bar kicked it, possibly aided by the spiral arms, a combination which has been found to cause more efficient stellar migration in simulations (see the discussion in J12). This possibility has been tested through further simulations by J12, using the same potential model as for their NGC 6791 orbit determination (though made stronger to account for possible weakening of the non-axisymetric components in the time since the formation of the cluster) and using initial cluster orbital radii distributed from 3-5 kpc with varying initial azimuths. 10 4 initial orbits were followed. They integrated each orbit forward in time for 8 Gyr (the approximate age of NGC 6791) and compared the distribution of results to their own determination of the current cluster orbit. Using the probability distributions generated via this Monte Carlo approach, J12 find a 0.4% probability that NGC 6791 could have formed in the inner regions of the disk and then subsequently migrated outward. They suggest that this non-zero probability merits further investigation with more sophisticated models. One possible interpretation of such a low (but non-zero) probability is that many super-metal-rich clusters exist at small R G , and NGC 6791 is one of those very few that got kicked out. While these are interesting and encouraging possibilities, questions remain, e.g., regarding the longevity of the non-axisymetric components of the Galactic potential. J12 note however that their results may only place an upper limit on the Galactic potential required, due to the possible contribution of other migration mechanisms (see Schonrich & Binney 2009 , for another discussion of possible rapid radial migration). In summary, it appears that while a plausible explanation exists for both NGC 6791ʼs current orbit and super-metal-rich nature, the work to date is inconclusive.
Do either of NGC 6253 or NGC 6583 also lie on eccentric orbits? Present evidence is confounding. The Montalto et al. (2009) study of NGC 6253 was limited to relative proper motions, because of the absence of background galaxies, which are necessary to place proper motions on an absolute scale. Thus, while the study provides considerable information about cluster membership, no orbit was determined. The more recent study of Magrini et al. (2010, hereafter M10) does provide absolute proper motions for both NGC 6253 and NGC 6583, based on the UCAC3 catalog, and also presents computed orbits for these and other clusters. Two points are worth noting. First, the errors in the proper motions of NGC 6253 are nearly as large as the proper motions themselves, and the proper motion errors of NGC 6583 are twice as large as the proper motions. By contrast, the proper motion errors in the B06 HST study of NGC 6791 are only 23% and 5% (in a d
, , respectively) of the stated proper motions. Second, details on the challenging problem of tying the ICRS data to the fainter cluster data (Tycho-2 stars have a faint limit near V = 11) remain forthcoming (see the discussion in M10). That said, the M10 orbits for NGC 6253 and NGC 6583 are more typical of OCs, though with non-negligible eccentricity. They find that NGC 6253 moves from R G = 5.4-8.0 kpc, and NGC 6583 goes from R G = 5.9-6.8 kpc. As discussed above, the difficulties in producing super-high-metallicities at large R G are formidable, and are also complicated by the constraint to keep near-solar abundances at R G = 8.5 kpc. Thus, if the M10 orbits are robust, the origins of NGC 6253 and NGC 6583 remain shrouded in mystery. Even if eccentric orbits are possible for these two clusters, their smaller ages (compared to NGC 6791) present an additional difficulty. The scenario described above for NGC 6791, namely that NGC 6791 formed at low R G but then got kicked out, is even more problematic for NGC 6253 and NGC 6583 because of their ages (3 and 1 Gyr, respectively). Such a mechanism (which we stress is already problematic due to the issues outlined above for the case of NGC 6791) has had less time to act effectively in the case of these two younger clusters, especially for NGC 6583. Note that the Galactic latitude of NGC 6583 is = -
2 .5, placing it firmly within the Disk. This suggests that any (rapid) radial migration that the cluster might have conceivably experienced has not (yet) moved it out of the plane of the Disk. By contrast, note that b = +10
• . 9 for NGC 6791, consistent with the possibility that an earlier gravitational encounter kicked the cluster out from small R G to larger R G , and possibly also slightly out of the Galactic plane. Could NGC 6583 be substantially older than 1 Gyr, potentially alleviating this problem? In deriving an age of 1 Gyr, Carraro et al. (2005, hereafter C05) had only VI data available, and furthermore assumed a solar metallicity for the cluster. C05 found that a solar metallicity isochrone fit the cluster data reasonably well, and furthermore found that both more metal-poor and more metal-rich isochrones fit more poorly. However, M10 found that two presumed cluster members are super-metal-rich, which could imply a different age for the cluster, and also found a somewhat different reddening for the cluster based on the spectroscopic T eff values inferred from ionization balance. In view of these two new pieces of information, we review the turnoff age of the cluster in Appendix. Assuming that the apparent turnoff and main sequence stars as well as the two M10 giants are all cluster members, we find it unlikely that the cluster is much older than 1 Gyr, and the likely age range is approximately 0.5-0.9 Gyr. This exacerbates the mystery of how the Galaxy can produce such a high metallicity at such large R G . We speculate that of possible relevance may be mechanisms that enable rapid radial migration, such as the "churning" models of Sellwood & Binney (2002 , see also Schonrich & Binney 2009 or the resonance overlap models of Minchev & Famaey (2011) , but the migration must clearly have occured very rapidly (and recently). We do find that a larger reddening might place NGC 6583 closer to the high-metallicity-producing regions of the Galaxy, but such a higher reddening also implies an even younger age, which places the two M10 member giants in an unlikely position of the CMD. The origin of NGC 6583 thus remains mysterious.
SUMMARY AND CONCLUSIONS
Using high-dispersion CTIO/Hydra spectra, we have presented an abundance analysis of 36 stars consistent with singlestar membership (based upon our derived RVs) in the supermetal-rich OC NGC 6253, with emphasis on the O abundance. The stars include 30 turnoff stars, 5 subgiants, and one blue straggler. EWs were measured for lines of O, Fe, Al, Si, and Ni, and abundances were derived in a strictly differential analysis with respect to the Sun (using solar gf log values) using the atmospheric parameters determined in AT10. Given that our sample consists primarily of dwarfs (at the MSTO), such a differential analysis yields reliable results. The cluster average for each species was calculated in linear space, using the values from all individual line measurements, weighted by the abundance error of each line measurement. The number of stars in our sample is at least 70% larger than in any other study, except AT10, of any of the three known super-metal-rich clusters (NGC 6253, NGC 6791, and NGC 6583) . Our results are therefore some of the most reliable elemental abundances available at high metallicity. In the case of the 7774 Å O I triplet, recent improvements in understanding the behavior of NLTE effects and additional low-temperature complications (perhaps due to stellar activity) have allowed us to deliver reliable oxygen abundances. Our principal conclusions may be summarized as follows. Unfortunately, the paucity of reported abundances at high metallicity and the lack of chemical evolution models and theoretical supernova yields for substantially super-solar metallicity make our interpretation speculative. 5. We have compared the abundance patterns of Fe, Al, Si, and Ni for all three known super-metal-rich OCs, namely NGC 6791, NGC 6253, and NGC 6583. In summary, we find that they are similar to each other, they are similar to extrapolations of patterns seen in disk dwarfs and giants, and they are generally close to scaled-solar. In addition, a comparison between these clusters and the bulge stars of F07 show more differences than similarities. We have discussed the results of these comparisons in light of what is known of the space motions of these clusters. As discussed by Bedin et al. (2006) , NGC 6791 has an eccentric orbit, which allows the possibility that it formed in the inner disk, where a super-high metallicity is possible even at early times, and then migrated outward, perhaps as a result of interaction with the central bar. Jilkova et al. (2012) investigated this possibility, and found that the probability of this scenario was non-zero, albeit very low. Unfortunately, no such potentially pleasing explanation is yet available for the other two much younger clusters, which have had much less time (especially NGC 6583) to migrate to their present locations, and which may have more circular orbits (M10). The origins of NGC 6523 and NGC 6583 remain perplexing. 6. We have re-examined C05ʼs result that NGC 6583 is about 1 Gyr old, in view of the evidence from M10 that this cluster is super-metal-rich, and have also reexamined its distance from us and its position in the Galaxy. If the apparent MSTO, and two red giants (M10) are all cluster members, then it is difficult to see how NGC 6583 could be much older than ∼1 Gyr. We find the probable age to be 500-900 Myr. The most likely distance (from us) is 2-3 kpc.
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APPENDIX AGE AND DISTANCE OF NGC 6583
The origin of the super-metal-rich (M10) cluster NGC 6583 is incompatible with current understanding of the Milky Way's ability to produce such a high metallicity if the cluster is as young as 1 Gyr (C05) and stays at R G = 5.9-6.8 kpc as it orbits the Milky Way (M10; see Section 4.4). It is thus of interest to re-examine the cluster's age, especially in view of the new information, provided by M10, that the cluster is super-metalrich; could the cluster be substantially older? Below, we will refer to this as the cluster youth problem.
Having no independent information available about relevant parameters such as cluster reddening, C05 determined a turnoff age of ∼1 Gyr. This age was based solely on the high quality of the fit of Padova isochrones (Girardi et al. 2000) to their VI photometry for main sequence, turnoff, and evolved stars (see their Figure  A1 ). This fit also resulted in -=  E V I ( ) 0.63 0.05, -=  m M 13.50 0.20, and solar metallicity.
A number of factors can influence the values obtained, including, for example, the specific physical assumptions in the models that produce the isochrones, and the color-T eff calibration(s), both of which affect the shape of the isochrones and their location in the CMD. These factors cause systematic differences between different sets of isochrones; therefore, the "best-looking" fit does not necessarily provide the most reliable results. Another relevant factor is the manner in which the data are compared to the isochrones: it is rare to get a good fit to all parts of the CMD simultaneously, so the choice of the CMDregion(s) that is(are) given the most weight will affect the values derived. Different regions may have different advantages and disadvantages. For example, small numbers of stars at the turnoff may be problematic (but then even smaller numbers of more evolved stars can also be a problem), as are uncertainties about membership, binarity, and rapid rotation. The last two of these can move stars off of the single star fiducial sequence. Finally, it is ideal when parameters such as reddening, [Fe/H] , and [α/Fe] can be determined independently (and reliably) and the values are then assumed as given in the isochrone fits. We address some of these issues in turn.
A.1 Importance of the Turnoff
By using data only from the inner 2′ (diameter) of the cluster, C05 were hoping to minimize non-member contamination, and tried to fit the turnoff and giants simultaneously. Their Figure A1 shows that the giants were indeed fit well. But, one could argue that a ∼1 Gyr old cluster should have very few if any stars at the turnoff right above the radiative contraction portion of the isochrone at the hook of the turnoff (see, for example, the Hyades fits in Perryman et al. 1998, hereafter P98) . Thus, the isochrone they chose may be too faint at the turnoff. Note also that there is no obvious gap in the CMD morphology near the turnoff that would correspond to this rapidly evolving phase. Although, such gaps can be difficult to identify in poorly populated clusters, especially with binaries shifting fainter stars to above the gap, and additionally with field star contamination; see, e.g., the case of NGC 5822 (Carraro et al. 2011 ) for a similarly aged cluster, but with solar metallicity. If instead one fits the turnoff in a manner similar to that of P98, keeping the radiative portion of the isochrone above the observed stars by choosing a younger isochrone, then NGC 6583 youth problem is compounded further.
A.2 Importance of the Metallicity M10 obtained spectra for 4 giants in the central 2′ region. They found two (stars 46 and 62) to have similar RVs and considered them to be members (red disks in Figure A1 ). Perhaps surprisingly, the other two (stars 12 and 82) had different RVs, and M10 considered them to be non-members (red disks with X's in Figure A1 ). Temperatures for the two members were determined from ionization balance, which implied an upward revision of the C05 reddening by A V = 0.60, and abundances of several elements were derived. Strikingly, the two members showed a super-metal-rich (average) abundance of [Fe/H] = +0.37 ± 0.03 (where the error is σ).
C05 indicate that metal-poor and metal-rich isochrones did not fit as well as the solar-metallicity ones they used. Given the M10 result of super-metal-rich abundances, this underscores the uncertainties associated with trusting results from quality of fit alone (although C05 had no other choice at the time). Figure A2 shows Yale-Yonsei isochrones (Yi et al. 2003) with Green color calibration for solar metallicity (dashed lines) versus [Fe/H] = +0.37 (and scaled-solar α-element abundances, solid lines) at ages 500 Myr (upper) and 1 Gyr (lower). The systematic difference in -m M is 0.35 mag, as for example evaluated near Figure A1) , with the solar metallicity isochrone being fainter. This places the cluster approximately 17% farther away than the 2.1 kpc determined by C05 and assumed by M10. Although this is closer to the Galactic center, it is still quite a long way from the < R G 3 to 5 kpc range in which super-high metallicities can be produced. Also, for a given reddening, Figure A2 shows that the highmetallicity isochrones imply a younger age (by roughly 20% near 1 Gyr), exacerbating the cluster youth problem. On the other hand, the shapes of the isochrones are not drastically different, so in the absence of a good reddening, quality of fit alone would result in an age closer to 1 Gyr. Below, we will adopt M10ʼs [Fe/H] = +0.37 (and scaled-solar alpha abundances) for our isochrones.
A.3 Importance of Membership
The photometry of C05 does suggest that in the inner 2′, the majority of the bluer stars from V = 13.5 down to about as faint as V = 19 are consistent with a cluster main sequence; fainter than that, the main sequence gets lost.
The photometry might also suggest that in the inner 2′, a high percentage of stars that seem to be photometric member giants should, in fact, be members. M10ʼs conclusion that two of four stars observed spectroscopically are non-members is thus rather distressing, and brings into question what role the remaining giants should play, if any, in fitting isochrones to the photometry.
In particular, what role should the three stars fainter than the two members (open circles, near -= V I ( ) 1.6 in Figure A1 ) and the star cooler than the two members (with V, -V I ( ) near 14.6, 1.8) play? What if 50% of these four stars are also non-members? These are small number statistics, and so M10ʼs conclusions cannot necessarily be extended to the other four stars in question. Nonetheless, the membership of these four is uncertain. We have thus attempted to find a good isochrone fit primarily in the turnoff region and the visible MS, and have used the two M10 member giants (and none of the other giants) only as a check. Note that M10 considered the two member giants as having evolved past the red clump, on their way to the AGB.
We should point out the possibility that the two M10 nonmembers may, in fact, be member binaries. If the secondary were to contribute a negligible flux to the spectrum (which can be checked in the spectra using, for example, IRAF's fxcor), then reliable effective temperatures and abundances could be determined for the primaries. If a super-metal-rich [Fe/H] comparable to the two M10 members was found for either of the M10 non-members, it would nearly certainly imply membership. This could be checked further from the reddening inferred from the derived T eff . M10 made no comment on these possibilities. If we knew that one or both of these stars was a member (even a binary or multiple member), it might lend confidence to placing greater importance on more of the giants in order to find isochrone fits.
A.4 Importance of Reddening
We begin by assuming C05ʼs value of -= E V I ( ) 0.63. If we use the reddening relations of Cardelli et al. (1989) instead of the relation of Dean et al. (1978) used by C05, we find -= E B V ( ) 0.44 instead of the value 0.51 found by C05. Figure A1 shows the -E B V ( )values that would be derived using the Cardelli et al. (1989) relations. Figure A1 (a) shows isochrones that have been well-fit to the left edge of the main sequence near = V 17.5-18.5, using -= m M 13.3. The 900 Myr isochrone follows most of the kink in the turnoff region rather well, but is arguably slightly too faint at the top of the turnoff (the C05 fit was even fainter). As argued above, the radiative contraction portion of the turnoff should be above any observed stars. Furthermore, one of the M10 members is slightly too red. This could, for example, be an issue for the color calibration at the red end; nonetheless, we will continue to consider the isochrones at face value.
These two problems can potentially be improved upon by using a younger isochrone (thereby exacerbating the cluster youth problem) which has a relatively brighter turnoff and also a wider subgiant (Hertzsprung gap) region. The reddening and distance modulus must then also be adjusted to make a good fit possible. Figure A1 (b) shows isochrones that fit the MS almost (but not quite) as well, using an increased reddening of -= E V I ( ) 0.79 and a distance modulus of -= m M 14.1. The 500 Myr isochrone allows the M10 members to be located blue-ward of the isochrone. However, this isochrone's turnoff is not quite as bright as in an ideal fit and is arguably slightly too blue in the turnoff region. Overall, this is at best only a marginally better fit than the first one from Figure A1 Cardelli et al. (1989) , which is arguably to be preferred over Dean et al. (1978) , we find -= E B V ( ) 0.44. We shall consider both possibilities, -= E B V ( ) 0.51 and 0.44. Considering the more extreme case first, and using the standard relation = -A E B V 3.1 ( ) V , we find -= E B V ( ) 0.73 and -= E V I ( ) 1.04, using Cardelli et al. (1989) . Figure A1 (c) shows an approximate fit to the main sequence. The 200 Myr isochrone fits the turnoff best, but is still slightly too faint at the turnoff, and is much too red relative to the M10 members. In the context of this and the 300 Myr isochrones these stars would be interpreted as Hertzsprung gap stars, which is very unlikely, and contradicts the gravities determined by M10. The 100 Myr isochrone is marginally bright enough at the turnoff, but is also a bit too blue at the turnoff, and is located in a very strange place relative to the M10 members. This is clearly the worst fit considered so far.
If we instead consider -E B V ( )= 0.44 + 0.22 = 0.66 and -= E V I ( ) 0.94 (Cardelli et al. 1989) , we get only slightly better results. Figure A1 (d) shows isochrones that fit the main sequence. The 300 Myr isochrone follows the turnoff fairly well, but is again too faint at the top of the turnoff, and is too red relative to the M10 members, though not as badly as for the previous case.
To summarize, none of the fits match all the features of the observed CMD in an ideal manner. The first two fits (Figures A1(a) and (b) ) are clearly superior to the latter two (Figures A1(c) and (d) ), suggesting a likely age range of 500-900 Myr, which exacerbates the cluster youth problem. The higher reddening of Figure A1 (b) is certainly viable, though the fit is not clearly preferable to that of Figure A1 (a) and the reddening is not nearly as high as suggested by M10; the interval in reddening between Figures A1(a) and (b) is -E V I ( ) = 0.63-0.79 (or -E B V ( ) = 0.44-0.55 using Cardelli et al. 1989) .
A.5 Importance of Distance
In going from panels (a)-(d) in Figure A1 , the fittedm M increases from 13.3 to 14.1 to 15.5 and then decreases to 15.1, which correspond to distances of 2.4, 3.0, 4.4, and 4.1 kpc. These increasing distances (from us) are mostly in the direction of the Galactic center, thereby bringing the cluster closer to the regions < R G 3-5 pc where the Milky Way can produce superhigh metallicities. However, the larger distances, which correspond to higher reddenings (see above), produce the most incompatible fits between the isochrones and the VI data of C05. The better fits of Figures A1(a) and (b) place the cluster at a distance of no more than 2-3 kpc from us, which lies outside the < R G 3-5 kpc range, and the cluster's youth gives it very little time to migrate outwards (see Figure 8) . Note that the closer the cluster is to the Galactic center, the greater the reddening, and thus the younger the derived turnoff age (ignoring the discrepant M10 giant members), giving the cluster even less time to migrate outward. Admittedly, if the cluster is sufficiently far from us, then it lies within the superhigh-metallicity producing region, and its youth becomes irrelevant.
A.6 Summary C05 found that solar-metallicity isochrones fit their VI photometry for NGC 6583 better than isochrones of either lower or higher metallicity, and derived a cluster age of ∼1 Gyr. But M10 found that the cluster is super-metal-rich. We have fit isochrones with super-high-metallicity to C05ʼs VI data to test whether an age older than ∼1 Gyr is possible, thereby possibly alleviating the cluster youth problem. Quite to the contrary, our better-fitting super-high-metallicity fits are all younger, in the 500 to 900 Myr range. They also imply a slightly higher reddening than found my C05, though not as high as that implied by M10ʼs ionization-balance-derived T eff values. If the apparent main sequence stars and turnoff stars are all cluster members, and if the two M10 giants are also members, then it is difficult to see how the cluster could be much older than ∼1 Gyr. For example, the color range from the turnoff to the two giants would be much too small in older isochrones. These findings exacerbate the cluster youth problem. An even larger reddening could bring the cluster to the < R G 3-5 kpc region capable of producing super-high metallicity. But, the corresponding isochrone fits would imply even younger ages, perhaps as low as 200-300 Myr or less, which are incompatible with the M10 (giant) members, unless those two stars are not, in fact, members.
It would be useful to obtain independent reddening estimates using techniques that are more sensitive to reddening (such as UBV photometry), and to obtain RVs of numerous turnoff and main sequence stars, allowing tests of a) the existence of the cluster, and b) whether these stars have the same RV as the two M10 members.
